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Abstract: The temperature variation of the conductivity of triarylrnethane halides 
and thiocyanates are studied. It is found that in halides the thermal activation 
energies of charge carriers increase in the sequence I > Br > CI. Thiocynztes show :i 
conduciivity transition at v, 126°C. , 

1. Introduction 

ht is well known th:~t orgatlic charge transfcr (CT) complzxes In t l x  so11d stair: 
frequently exhibit selniconduction."," The mechanism of conduction in these 
molecular solids is believed to be the hopping of charge  carrier^?,^ from donor 
to acceptor silcs. Some of the silnplesi and most extensively investigated orgaliic 
CT solids arc the dyes.*,6 To understand the nature of electrical transport in CT 
complexes, it is desirable to study the conductivity properties of cationic (anionic) 
dyes when the donor (acceptor) site is a simple anion (cation) of known properties 
Tn this paper wc report our ~llcasurernents of the conductivity of triasylmethane 
(TR) d l ~ s .  when the anionic lipand is a lralide 01- a pseudohalide 

'f'K dyes (Metyl Violet and Rosaniline) commercially supp!ied as chlorides (UDI-I 
brand) are purified by recrystallization. To prepare the corresponding iodides ail 

alcoholic solution of the dye and potassiu~n iodide is boiled until niost alcohol is 
expelled. The TR iodides insoluble in aqueous KI, separatcd by filtration arc 
recrystallizcd and dried in vacuun~ at 105" C. The tlxiocyanates of TRs can b: pre- 
pared by the same methed, when KI is replaced by KCNS. However, tllc double 
decomposition does not give a good yield of the bromide. TR bromides are pre- 
pared by treating the correspoiding leuco base will1 HBr. Purified samples free 
from moisture are prcssed into pellets betvicen carbon electrodes in a pyrex tub:: 
(diameter 2 0.4 cm, pellet length 2 0.2 cm) at a pressure of 1O"a. Ends of the 
lube are sealed with epoxy resin and the conductivity at different temperatures is 
determined using a d. c, resistance metes. Verythin discs of thc material con~pacted 
in sealed tubes are used to pass large currents for long intervals of time to see whether 
ionic col~duction is present. Conductivity characteristics remained lincar a t  cons- 
tant slope indicating that ionic co~lduction is absent. 

Attempts to determine the mobilities by thc measuremeot of Hall voltages 
were unsuccessful. 
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Figure 1. Plot of In0 ( 0 in Q-lm' j for halides and thiocyanates of Metyl Violet. 
(1) Chloride (2) Bromide (3) Iodide (4) Thiocyanate. 
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Figure 2. Plot of In0 ( 0 in Q-'mml ) for halides and thiocyanates of Rosaniline. 
(1) Chloride (2) Bromide (3) Iodide (4) Thiocyanate. 
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3. Results and Discnssion 

The plots of 111 1;s T-' for llleiyl violet and rosaniline are given in Figures (1) and 
(2). In the case of TR halides, ovaries linearly with T-', throughout the entire 
temperature range, (30°C - M.P. 279, 210°C for rosaniline and rnetyl violet respec- 
tively) indicating that the relation 

0 = 0 C-L/kt  (1)  
is satisfied. In thiocyanates thc data fits into two straight line portions with 3 

transition temp~rature 2 126°C. The activations energies (E)  arc givcn in Tablc I .  

TABLE 1. Thornla1 nctiva!ion energies of lvretyl Violet and Rosaniline halides 
and thiocyanates 

Cl- 1.6 3.6 
Hr- 1.4 2.3 
I- 1 . 3  2.0 
CNS- 1.5 (T < 126°C) 1.2 (T < 126°C) 

3.3 (T> 126°C) 3.4 (T > 126°C) 

It is seen that the values of E show a progressive decrease in the order chlo- 
ride, bromide: iodide. This cou!d be attributed to decrease in ionization energies 
of the halide ions. The ther~nal act!vation energy associated with hopping con- 
duction is generally taken as?" 

E =  1 - , 4 - - Y  (2) 
whcre I = ionization energy a1 the donor site, A = electron afficity at the acceptur- 
site, P=polal-ization energy. The value of A should be nearly same for all T R  
Il.nlides. Since thcrc i s  no reliable way of  estimating P, a quantitative verification 
of (2) is not possible. 

All ti1,iocyanatcd TRs sliow a transition at T 2 126"C, with an abrupt cllangc 
i l l  the activation energy. How this transition originates rc111ai1.1~ unresolved. 

As the absolute purification of these contpounds i s  very dificult, diffcrcnt 
samples give slightly different but similar results. The room tcmperaturc conduc- 
tivity shows about 20 - 30 O/, variation. However. the activation enel-gies rcniain 
nearly constant. 
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